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HEART VALVE PROSTHESIS BACKGROUND
Field of the Invention
The present invention relates to an improved heart valve prosthesis for use in the surgical repair of atrio ventricular heart valves.
The Prior Art
The mitral and triscuspid valves are located in the atrioventricular openings of the heart and serve to pre vent regurgitation of blood from the ventricle into the atrium when the ventricle contracts. The mitral valve is located in the left atrioventricular opening of the heart. It is encircled by a dense fibrous ring known as the annulus and consists of two valve cusps or leaflets. These two leaflets are of unequal size. The anterior leaflet, being situated adjacent to the aortic opening, is often called the ventral, anterior, or aortic cusp. The smaller posterior leaflet is known as the dorsal or poste rior cusp. The leaflets are composed of strong fibrous tissue which is thick in the central part but thin and translucent near the margin. They are held in place by chordae tendinae and papillary muslices. The line at which the leaflets come together is called a commissure.
The tricuspid valve is located in the right atrioven tricular opening and comprises three leaflets, sometimes referred to as the anterior, posterior, and septal cusps. These leaflets are roughly triangular in shape and are also attached to a fibrous ring.
The mitral valve is subjected to significantly higher back pressure than is the tricuspid valve. Accordingly, it is far more common to require surgery to repair a mitral valve than for a tricuspid valve.
Normal function of the mitral valve requires the co ordinated interaction of six anatomic elements: the leaf lets, chordae tendinae, annulus, the left atrium, the pap illary muscles and the left ventricular wall. The most common defect leading to nitral dysfunction is a dilata tion or elongation of the posterior two-thirds of the annulus, the section corresponding to the posterior leaflet. The anterior portion of the annulus is anchored to the aortic root and is thus not as subject to elonga tion. However, not infrequently in cases of mitral valve dysfunction the anterior leaflet is displaced away from the center of the valve and is slightly thickened and shortened. Thus, in repairing a mitral valve, it is some times necessary to reduce the annulus in its physiolog ical dimensions by repairing the dilatated posterior two thirds thereof. Also, it is generally necessary to restore the commissure to its normal physiological curvature. Also, it is often necessary to reposition and reshape the anterior leaflet to correct any malposition and shorten ing of tissue which may have occurred. Although the discussion above has been directed specifically towards the mitral valve, similar concepts apply to the correction of tricuspid valve defects.
One solution to serious valve dysfunction is total valve replacement. However, it is generally agreed that repair of the valve by techniques of annuloplasty are preferable to valve replacement. One valve prosthesis is described in U. S. Pat. No. 3, 656, 185 Subsequently, Massana improved upon the totally flexible ring by the addition of a traction thread which is passed through the interior of the ring, with both ends exiting the ring a short distance apart. Once implanted, the ring can be reduced in size, together with the annu lus, by pulling on the traction threads until the valve becomes competent in a manner very similar to pulling a pair of purse strings. The ring may be contracted symmetrically by pulling both ends of the traction thread the same amount, or the ring may be contracted asymmetrically by pulling one end of the traction thread more than the other. Once the desired conforma tion of the valve is achieved, the ends of the traction thread are tied off. Massana's device is described in Cardiovascular Surgery 1980, a publication of Springer Verlag Berlin Heidelberg.
Unfortunately, the totally flexible ring of Duran et al. and the totally flexible ring as modified by Massana, both fail to restore normal heart valve function. As discussed above, the most common heart valve defect is a dilatation of the posterior two-thirds of the valve annulus and an accompanying loss of normal configura tion of the valve. Thus, the natural tendency of the damaged valve is to assume an unnatural shape. The rings of Duran et al. and Massana are unsatisfactory because they allow too much movement of the valve annulus, and the "normal' movement of a dilatated annulus is away from proper function.
Thus, it would be a significant contribution to the art of atrioventricular annuloplasty to provide a valve prosthesis that allows desirable anatomical movements of the annulus during the cardiac cycle, yet maintains a damaged annulus in the proper physiological shape to insure proper functioning of the valve.
BRIEF SUMMARY AND OBJECTS OF THE INVENTION
The present invention is directed to an atrioventricu lar annuloplasty prosthesis which has the desirable characteristics of allowing normal movement of the annulus during the cardiac cycle, yet provides sufficient support to maintain a damaged annulus in the proper anatomical shape for proper valve function. It also has the extremely significant advantage of being modifiable 4,489,446 3 in its annular shape so that the prosthesis can be con formed to the desired shape of the annulus while it is being sutured into place. This is accomplished by providing a biocompatible sheath or ring that is provided with a dynamic stiffener element situated within the sheath and having recipro cating characteristics which permit the stiffener ele ment to be conformed to the desired shape of the annu lus, and to follow limited movements of the valve annu lus during the cardiac cycle.
It is, therefore, a primary object of the present inven tion to provide an improved heart valve prosthesis. Another important object is to provide a valve pros thesis having characteristics allowing proper valve function while at the same time serving to maintain the valve in proper anatomical conformation.
These and other objects and features of the present invention will become more fully apparent from the following description and appended claims taken in conjunction with the accompanying drawing. The present invention is directed to an atrioventricu lar annuloplasty prosthesis used to shape and support an atrioventricular valve annulus so as to restore proper valve function. At the same time, the apparatus of the invention allows for normal dynamic movement of the valve annulus during the cardiac cycle.
As seen above, it would be very desirable to have an atrioventricular annuloplasty prosthesis capable of re storing a damaged valve to normal function. Inasmuch as the mitral valve is far more likely to require repair than the tricuspid valve, the discussion herein will be directed to the repair of a mitral valve. However, it is to be understood that the same principles discussed in connection with the repair of a mitral valve are applica ble to the repair of a tricuspid valve.
As shown in FIG. 1 , one presently preferred embodi ment of the present invention has a sheath 20, which may be formed by joining the ends of a length of tubular sheath material as at 21, so as to form a closed loop or ring. The sheath may be made of any suitable biocom patible material, such as described for example in U.S.
Pat. No. 4,164,046, which is incorporated herein by reference. In order to provide for adjustment, a traction thread 22 is passed through the interior (see also FIG. 3) of the sheath 20 in a manner such that both ends of the thread 22 emerge from the closed loop in close proxim ity to one another so as to actiike purse strings. In order to better anchor the traction thread 22 within the sheath 20, it may be desirable to pass thread 22 through sheath 20 at one or more locations as shown at 23.
In the preferred embodiment, a dynamic stiffener element 24 ( see FIG. 2 ) is situated within sheath 20. Stiffener element 24 is formed from two substantially identical stiffener members 25 and 26 shaped so that when fitted together, the stiffener element may be con formed to the desired shape of a valve annulus. Each stiffener member 25 and 26 is formed such that one of its ends 25a and 26a, respectively, is adapted to be inserted (see also FIGS. 4 and 5) into a corresponding end 26b, 25b of the other stiffener member in a telescoping fash ion. For this purpose an interior bore 35 ( see FIG. 4) is provided in the enlarged ends 25b, 26b so as to slidably receive the mating ends 26a, 25a.
Alternatively, the same type of telescoping fit may be achieved by using one stiffener member having both ends provided with an interior bore 35, and a second stiffener member having both ends adapted to engage the interior bore in telescopic fashion. However, it is more advantageous from a manufacturing point of view to make the two stiffener members 25, 26 identical so that a single mold can be used.
The circumference of sheath 20 should be such that the ends of stiffener members 25 and 26 will not become disengaged once they are enclosed in the sheath 20. The sheath should be constructed from a suitable materialso that the telescoping action of the stiffener members is not impeded. Thus, sheath 20 is preferably formed from a material having a relatively loose weave so as to be flexible and compressible, and also biocompatible.
When a stiffener element is formed of two stiffener members 25 and 26 in the manner shown in FIG. 2 , the stiffener members may be made from a rigid or semi rigid material such as stainless steel or plastic, thus pro viding adequate support to the valve annulus so as to insure that it maintains its proper physiological shape. At the same time, the reciprocating movement provided by the telescoping ends of the stiffener members 25 and 26 allows the annulus to undergo desirable anatomical movement during the cardiac cycle. Thus, when the prosthesis is implanted with the telescoping ends of members 25, 26 adjacent to the commissure of a nitral valve, the annulus will be permitted to undergo desir able physiological movement during the cardiac cycle, while being adequately supported so as to insure that it maintains the proper physiological configuration for the valve leaflets. As shown in FIG. 7 , the prosthetic device of the present invention is held in place on the annulus by tying the stay sutures 27. This step serves to bring the annulus 28 of the damaged valve roughly to the desired shape, and holds the prosthesis in approximately the proper position, thus making it easier to secure the de vice by a continuous suture, as illustrated at 35 in FIG.  8 . Inasmuch as the posterior portion of the valve annu lus is the portion needing reshaping, and since normal movement of the annulus occurs primarily adjacent to the commissure 34 in a mitral valve, the telescoping ends of stiffener members 25 and 26 are preferably lo cated adjacent the opposite ends of the commissure 34. Since the annulus 28 is somewhat elliptical in shape, the location of the telescoping ends of stiffener members 25, 26 substantially corresponds to the points on the valve annulus 28 crossed by the major axis of the ellipse.
After the prosthesis has been secured in place by the stay sutures 27, it is securely affixed to the valve annulus 28 by use of a continuous suture 35 as illustrated in FIG. 8. The preferred method is to pass each suture around, rather than through, the sheath 20 in the manner shown so as to avoid binding the traction thread 22. It is advan tageous to contract the prosthesis while placing the continuous suture so that the valve leaflets 32 and 33 are brought into substantial anatomical alignment at the commissure 34.
The use of a continuous suture 35 is advantageous because this type of suture tends to maintain the pros thesis in its partially contracted position. If individual sutures were used, the device would be free to assume its maximally extended shape, although as will be seen, the traction thread will overcome this latter problem where it is desired to use individual sutures.
An advantage of contracting the prosthectic device during implantation is that it allows the sutures to be placed in the annulus and around the prosthesis in a manner which will minimize stress on the sutures. If the dilatated annulus is secured to the prosthesis while in its extended configuration, there will be some "puckering" of the annulus between sutures after the device is con tracted, thus resulting in unnecessary stress on the su tures at those points. This stress will be more evenly distributed if the dilatated annulus is forced to assume its contracted position as the sutures are placed.
Since the anterior portion of the annulus 28 is an chored to the aortic root, and since it is typically the posterior portion of the annulus that becomes dilatated, it may be convenient to commence the continuous su ture 35 at the anterior portion of the annulus 28.
It is clear that implantation in the manner described will result in conformation of the annulus 28 to the shape of the prosthesis. Thus, because there is some natural variation in the sizes of normal atrioventricular heart valve annuli, it may be desirable to provide the prosthesis in more than one size. However, the fact that the device is modifiable in annular shape by means of the telescopic action provided at the ends of the stiff ener members 25 and 26 means that the same type of prosthesis may be used on various patients having dif ferent valve annuli configurations. After the device has been implanted, it is possible to make final adjustments in the orientation of the valve leaflets 32 and 33 and the valve commissure 34 by tight ening the traction thread 22, as shown in exaggerated fashion in FIGS. 9-11.
Thus, as shown in FIG. 9 , if both ends of the traction thread 22 are pulled together, the sheath 20 and stiffener element 24 will be contracted symmetrically. On the other hand, as shown in FIGS. 10 and 11, if one end is pulled more than the other, the prosthesis will be con tracted asymmetrically. Once the desired contraction has been achieved so as to bring the leaflets of the valve back into optimum anatomical alignment, the orienta tion of the prosthesis may be retained by typing off the ends of traction thread 22.
It should be understood that only a very limited range of adjustment of the prosthesis is required. Thus, a total range of contraction of three to four millimeters is all that is normally contemplated, and even less would be required for most applications. The degree of dynamic movement needed during the cardiac cycle would be an even smaller amount. Thus, as indicated above, FIGS. 10 and 11 have been exaggerated for purposes of illus tration, and it is expected that most adjustments in the shape of the damaged valve can be accomplished with only a very slight, if any, amount of asymmetric con traction of the device. In cases where such adjustment is not necessary, it may be desirable to tie the ends of the traction thread so as to leave a small amount of play in order to allow a greater degree of dynamic movement of the stiffener members and the valve annulus during the cardiac cycle.
Although it has been shown how a traction thread may be advantageously used for finally adjusting the anatomical orientation of the waive leaflets or to limit the dynamic movement of the annulus, it should be understood that use of a traction thread is not required. Thus, when no traction thread is provided, the proper amount of contraction of the prosthesis can be achieved during placement of the continuous suture and the su ture itself will provide a limit to the dynamic movement of the annulus.
After implantation, a heart valve supported by a pros thesis constructed according to the present invention will be forced to assume the shape of the partially con tracted stiffener element. Yet, due to the reciprocating movement permitted by the telescoping ends of the stiffener members, it is possible for the device to un dergo limited movement so as to allow desirable move ment of the valve annulus during the cardiac cycle. Thus, despite the fact that the traction thread and con tinuous suture tend to maintain the prosthesis in its optimal shape so as to insure a proper physiological alignment of the valve leaflets during contraction of the ventricle, there is sufficient elasticity that the annulus can expand slightly against the influence of the sutures and traction thread. Of course, the device is not re strained from further contraction except by the forces required to further compress the annulus.
It can be seen that the choice of materials and the construction of the telescoping portions of the stiffener members are matters of design choice selected so that a
